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NOTICE

-

This report wes prepared as an account of Govermnment-sponsored work.
Neither the United States, nor the National Aeronsutics and Space
Administration (NASA), nor any person scting on behalf of NASA:

v

a&. Mskes any werranty or representation expressed or implied
with respect to the accuracy, completeness, or usefulness
of the information conteined in this report, or that the
use of any informastion, apparstus, method, or process
disclosed in this report may not infringe privately-owned
rights; or ..

b. Assumes eny lisbilities with respect to the use of, or for
dameges resulting from the use of any information, eapparstus,
method, or process disclosed in this report.

As used sbove, "person acting on behalf of NASA" includes any employee

or contractor of NASA, or employee of such contractor, to the extent

that such employees or contractor of NASA, or employee of such contractor
prepares, disseminates, or provides access to, any information pursuant
to his employment or contract with NASA, or his employment with such
contractor.

Requests for copies of this report should be referred to:

National Aeronautics and Space Administration
Office of Scilentific and Technical Informstion
Weshington 25, D. C.

Attention: AFSS-A
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INTRODUCTION

This report is presented in two parts; Part I gives the progress obtained during
the quarter from April 1964 to June 1964, and Part II explains the progress in
the following quarter from July 1964 to September 1964. Part I includes sections
1.0 through 5.0 and Part II consists of sections 6.0 through 8.0. Since section
1.0, Project Objectives, applies to both parts, it is not repeated in Part II.
Also, section 5.0, Planned Direction of Effort for the July-September quarter,

applies to both parts and is not repeated.
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1.0 PROJECT OBJECTIVES

The Brayton cycle cavity receiver development program as presently planned consists
of three phases. Phase I is being performed currently and features both & design
study of the full-scale flightweight unit and a material compatibility investige-
tion with lithium fluoride ss the corrosive galt. Phase II is contemplated to
consist of construction and ground test of the flightweight unit. Phase III is
planned as the endurance test of the flightweight unit. The ultimate objective of
the program is to demonstrate & one year endurance capability of the flightweight

unit in a ground test.
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2.0 PROJECT OBJECTIVES FOR THE REPORTING PERIOD OF APRIL 1, 1964 THROUGH

JUNE 30, 1964 (REPEATED FROM THE PREVIOUS QUARTERLY REPORT)

During the quarter from April through June, effort will be directed towards
accomplishing these tasks:

1. Continuation of the first 2500-hour furnace test.

2. Examination and analysis of the two TD nickel capsules removed

after the third interruption.

3. Continuation of discussions with NASA on additionsl corrosion

testing and on additional work requested for the design study.
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3.0 PROJECT PROGRESS DURING THE REPORTING PERIOD

3.1 The Initisl Furnace Test

The initial furnace test, which had been scheduled for 2500 hours, continued
during the reporting period. In friew of the three previous interrmuptions, it
wae mutually agreed by TRW and NASA to continue the test until 5000 hours or

8 feilure occurred. As of midnight June 30, a total of lt-,l98 hoursrof testing
hed been eccumulated. The Heynes 25, Haynes 56, Hastelloy X and TD Nickel
capsules have been exposed to full test time. The Hastelloy N and Waspsalloy
capsules have 672 hours less, or a total test time of 3526 hours. Of the total
4198 hours of test time s 2123 hours have been accumulsted since the last fallure.
The heating cycle has averaged 1.009 hours per c¢ycle. The cooling cyéle has

averaged 0,503 hours per cycle.

The proJject schedule for Task II, the initial materials corrosion investigation,

is shown in Figure 1. The test is continuing.

3.2 Examination and enalysis of Feiled TD Nickel Cepsules

As was stated in the third quarterly progress report, ER-5905, the third interrup-
tion to the schedﬁled 25(;0 hour test occurred at 2175 hours. After the interrup-
tion the capsules were examined using dye penetrant, fluorescent penetrant, and
radiogrephic methods. On the b_asis of the radiographs, two capsules appesred to
be probsble fallures and were removed from the furnace. These capsules were of
TD nickel, nos. 17 and 20. Capsule 17 had both welded end caps and longitudinal
seam welds. Cgpsule 20 had brazed end plugs. Both of these éapsules were cut
open and visual examinatior; indicated that capsule no. 17 had definitely lesaked.
The inside tube wall sround the longitudinal seam cepsule was discolored. Also

evidence of corrosive attack to the weld bead, which was Rene 41 material, was
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found. The tube walls of capsule no. 20 looked sbsolutely clean.

Metellographic examinetion of specimens removed from capsule no. 17 revesled a
leaching type of attack on the weld bead. This attack ranged in depth up to a
meximum of 0.020 inch. The exact point of failure was not located. The TD nickel

gppeared to be relatlively unaffected.

Examinétion of the tube well of capsule no., 20 revealed negligible attack, although
the braze fillet around both end plugs sppeared to be corroded. The attack was

in the form of leaching and depletion. The maximum depth of attack was approxi-
mately 0.020 inch. However, no evidence of complete penetration was found on the
braze fillets on either end plug. Although the braze fillets on thils capsule

suffered attack, the concluslon was drawn that this capsule did not lesk.

In addition, several samples of falled cepsules were submitted for electron micro-
probe analysis to determine the composition of a second phase that was found
within the grain boundaeries. The specimens submitted for analysis were taken
from the following capsules:

1. Cepsule No. 2, Rene Ll

2. Capsule No. 5, Rene 4l

3. Capsule No. 10, Udimet 500

4, Ceapsule No. 20, TD Nickel.

A complete status report of the capsules placed on test was presented in Table I,

page 31, of the Third Quarterly Progress Report, ER-5905.
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3.3 Discussions with NASA on Additional Work

During the reporting period, discussions and negotiations were conducted with
NASA to specify additional work needed in the design study phase of the
receiver/heet storage unit development progrem. The edditional work negotiated
inciuded the following items: |

l. Task IIX - Additional Corrosion Tests

2. Amendment No. 4 - Additional Small Scale Experiments

3. Task IV - New Concept Design and Cavity Surface Temperature Distributiom.

The effective starting date for Tesk III was June 1, 1964. The starting date for
the other items ashove is July 1, 1964, Thus, during the first reporting period,
work was performed on Tesk IIT only. The project schedule for Task IIT is pre-

sented in Figure 2.

As shown in Figure 2, the effort has been devo*ed to ordering of material ard

febrication. The status of the various items as of 30 June 1964 is as follows:

1. Capsule Materials.
Fubrication c¢f the forty capsules required has heen progresaing during
the month. Their status is as follows:

Hestelloy Hastelloy Heynes Incoloy Inconel 318 7D Wagpeloy

N X 25 800 X S.8. Ni

Material on Hand X X X X X X X
Cepsules Machined X X X X X X X

Heat Treat X X X X F8

Cleaned X X X X

Welded X X

Healt Treat

Radiogrsph

Cleaned

Loaded

Sealed
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2, Capsule Protection Tubes.

All of the materiel for the ocuter protection tubes has been received

>

except for the 3/l inch 316 stainless steel tubing. The tubing is due

on July 3.

3. Lithium Fluoride.
Construction of the container for the lithium fluoride is progressing.
The contalner should be ready for shipment by July 10. Before shipment,
the welds on the container will be lesk tested under both vacuum and

helium pressure.

k., Cepsule Furnaces.
Both furnaces heve been checked out end are ready to operete. The only
meintenance required will be ther replacement of thermocouples and Globar
heating elements. This will not be done until the tests are ready to

start,

5. Capsule Container,
Two containers have been fabricated. The only work left is to weld in

the cepsule hanger tubes. This should be complete by July 10.

6. Leak Detection.
The conductivity controllers and conductivity cells are on order. The
cells should be received by July 6. The delivery date for the controllers
is August 3. Once the cells are received, they will be mounted on the
furnaeces so that the only work left will be to attach the leads from the

cells to the controllers.

T Vacuum Chamber.:

The materiels for the vacuum cheamber are on order.

8
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4,0 CURRENT PROELEM AREAS AS OF 1 JULY 196k

No problem arees exist as of 1 July 196k.

THOMPSON RAMO WOOLDRIDOGE INC.
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5.0 PLANNED DIRECTION OF EFFORT FOR THE QUARTERLY PERIOD FROM 1 JULY 1964
THROUGH 30 SEPTEMBER 1964
During the period from 1 July 1964 to 30 September 1964, the effort will be

directed toward accomplishing these tasks:

Completion of the furnece test in Task II.

Initiation of both furnace tests in Task III.

Start of the testing under Amendment No. k4.

Preliminsry receiver design to the new specifications of Tesk IV.

Calculation of the bath variable thermsl resistance for the cavity

surface temperature distribution in Task IV,

Control design analysis for the gperture control mechanism in Task IV.

10
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6.0 PROGRESS DURING THE PERIOD FROM 1 JULY 1964 to 30 SEPTEMBER 196k
The technilcsal progress achieved during the above reporting period is presented
for each of the task categories currently in operation. These tasks are the
following:
Task II - Material Corrosion Testing, One Furnsace .
Task III - Additionsl Msterial Corrosion Testing, Two Furnaces
Amendment 4 - Additional Small Scale Experiments
Task IV - Two Percent Pressure Drop Design, Aperture Control Analysis

and Cevity Temperature Distribution.

6.1 Task II Progress

The project schedule for Task II is shown in Figure 1 for 1 July 1964. At that
time the remaining activities included completion of the scheduled 5000-hour
furnace test and evalustion and anslysis of the test capsules. Formal technical
direction to terminate the furnace test on Monday, July 20, 196k was received
from the NASA Lewls Research Center. The Tapco Plant of Thompson Ramo Wooldridge
began a two-week plantwide vacation shutdown on that date. In addition, all
electrical power was o Be off for 24 to T2 hours to permit anmnal electrical
power system maintenance. In view of this situation, NASA decided that it was
prefersblie to terminste the test st 661 hours rather then cool down to room
temperature and reheat again when electrical power was available, The average
heating time for the cycles in the 4661 hour test was 1.0l hours per cycle.

The average cooling time for this test was 0.496 hour per cycle.

After the test was terminated and the capsules removed from the test contalner,
the NASA Project Manager selected six capsules to be sectioned and exsmined

metallographicaelly. The remaining eight capsules containing lithium fluoride
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plus en empty control cgpsule were to be included in the first furnace test of
Task III. These nine capsules are being tested under Task III and as of midnight
September 30 have been exposed to 634 hours of additional test time. The six
capsules removed and sectioned sre listed in Teble I. The remaining nine cap-
sules now being tested under Task III are listed in Table II which also includes

the new cegpsules placed 1in the test container.

The results of the examination of specimens removed from test ait r 4661 hours

are listed in Teble I. Except for Waspaloy Capsule No. 28, the attack experi-

enced wae limited to surface roughening and light depletion to the depths indi-
cated in Table I. Photomicrogrsphs illustrating the attack experienced are

presented in Figures 3 through 8.

In Figures 5 through 7, (Hastelloy X Capsule No. 24, Haynes Alloy No. 56 Capsule
No. 25, and Hastelloy N Caspsule No. 30), the surface of the specimen removed

from the bottom of each capsule is shown in both the etched and unetched conditlon.
All three alloys showed the presence of & second phase in the unetched condition.
Upon etching this phase tended to over-etch and created the sppearance of a

heavier attack thsn what occurred.

Figure 8 shows the appearance of the surface of the specimen removed from the top
of Waspaloy Capsule No. 28 in both the etched and unetched condition. As shown,
the capsule wall suffered a light leaching attack to a maximum depth of 3 mils
and depletion to a maximm depth of 5 mils. The most unusual point is that the
heaviest attack occurred in the region that, because of the change in volume with
temperature, was in contact with lithium fluoride only during the hottest portion
of the temperature cycle. The specimen that was removed from the bottom of the

capsule, which was in continual contact with the lithium fluoride, showed

12
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essenti.'ly the same type of attack except the depths were limited to 1 and 'k

mils, respectively:

Four capsule specimens teken from previocugly failed capsuies were submitted
for electron microrrobe anelysis. The results of the analysis of the specimenz

are shown in Teble III and are discussed below.

Rene’ 41 Capsule 2, Section 3 -~ 1327 hours

Metsallographic examination reveaied a light attack in the form of lesaching to a
depth of 0.001 inch. The results of the microprobe indicated a light depletion
type of attack to a msximum depth of 0.004 inch. In general, the concentrations
of aluminum, nickel and titanium were found to be relatively lower and the con-
centrations of molybdenum, cobalt and chromium relatively higher within the
C.00k inch surface band compared to the normal matrix. In addition, the micro-
probe results indicated the presence of titanium and aluminum-rich precipitates

within this 0.004 inch band.

Rene’ 41 Capsule 5, Section 3 - 672 hours

Metallographic examination of the specimens removed from the capsule revesled
attack in the form of leaching and depletion to depths from 0.001 inch at the
top to 0.005 inch at the bottom. However, there sppeared to be a second phase
present in the grain boundaries cf the specimen removed from the top of the
capsule. This grain boundary effect sppeasred to a depth of 0.009 inch. Micro-
probe analysis of this specimen revealed compositional changes to a depth of
0.008 inch. In general, as shown in Table III, the concentrations of aluminum,
nickel, moiybdenunm and titanium were lower and the concentrations of cobalt and

chromivm reiatively higher within this region as compared to the matrix.

16
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A discrete point-analysis was conducted on the second phase found within the

grain boundaries., This phase was found to be enriched in molybdenum and also

3

contained some tungsten. The nominsal compoaition of the phase is shown in
Table III. In general, the phase appears to be #tther of the MoNi type where
tungsten and chromium substitute for molybdenum and titanium and cobalt sub=

stitute for nickel, or it may be a carbide of the MgC type.

Udimet 500, Capsule 10, Section 2 - 1327 hours

Previous examination of the specimen revealed a leaching type of attack to a
maximum depth of 0.00k inch. The results of the microprobe anelysis on this
specimen revealed compositional changes to a maximum depth of 0.008 inch. In
general, within this region, the concentration of titanium and aluminum were
found to be slightly lower and the concentration of molybdenum, éobalt s chromium,

iron and nickel relatively higher as compared to the normal matrix.

In addition to the leaching attack incurred, the presence of & second grain
boundary phase was noted in the specimen. This phase &ppeared to a miimum
depth of 0.002 inch. Analysis of this phase indicated it to be enriched in

aluminum and titanium,

During the analysis, the phase fluoresced an incandescent violet. This type

of fluorescence is typical of oxides.

TD Nickel Capsule 20, Bection 4 - 2175 hours

Previous metallographic examination revealed attack in the form of surface
roughening and pltting to & maximm depth of 0.001 inch. The microprobe analy-
s8ls revealed no significant changes in composition for either nickel or thorium

from the matrix out to the surface. A constant value of 1.5 w/o thorium was

18
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noted throughout the sample. An incandescent violet fluorescence was noted in
the sample. As discussed before, this flucrescence is indicative of the preseace

of oxides.,

From the results obtained, there is some inrndication that leaching of aluminum,
titanium, nickel and, in one case, molybdenum has ocecurred. At the present time,
it is felt that there is not enough data aveileble to be specific. Part of the
composition changes that occurred in the specimens could have resulted from
metallurgiecal changes such as precipitation of intermetallic compounds. However,
in the light of the above results, further studies are being conducted in an
attempt to determine 1if the chemistry changes are the result of corrosive atiaeck.
Three more specimens are being submitied for microprobe analysis. These speci-
mens are from TD Nickel Capsule No. 19, Hestelloy X Capsule No. 24 and Waspaloy
Capsule No. 28. Also, the lithium fluoride from the capsules is being analyzed

spectrographically to determine the preseace of metallic corrosion products,

6.2 Task III Progress

The project schedule for Task III ie shown in Figure 2 as of 1 July 1964, As
indicated in Figure 2, the opersation c¢f furnace number 1 was scheduled to sherd
on or sbout 1 August. However, a snag developed in the capsule preparstion zs
it became impossible for TRW to obtain the contractually specified lithium
fluoride. An alternate source of purified lithium fluoride was located andi
relief requested from the contractual requirement. The relief was granted b
NASA on 12 August and authority given to procure purified lithium fluoride Trowm

the Harshaw Chemical Compeny. The anslysis of the 1lithium fluoride according *o

Harshaw is as follows:
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Tmpuity Quantity
Fe 1 ppm
Al 1 ppm
Ca 1 ppm
Mn 1 ppm
Si 1 ppm
Cr Not detected
Ni Not detected

Harshaw is not equipped for sulfur, water and hydrogen fluoride analysés but

offered the following comments:

1. Water and hydrogen fluoride should be nil since there 1s no absorption
in the infra-red spectra at the points where these compounds would

appeéar.

2. Sulfur may or mey not be present in minute quantities. There is
ebsorption in the infra-red spectra at the phint where sulfur would
appear, but the hydroxylion also causes sbsorption at the same point.
Harshaw feels that the sbsorption is more likely caused by hydroxyl

than by sulfur but would not make a claim past this point.

Three pounds of lithium fluoride of 99.9+% purity were received from the Harshaw
Chemical Company on 24 August. This material is stored in a vacuum oven attached
to a drybox under a vacuum of 10°3 mm Hg at a temperature of 120°C. The capsules
needed for the first furnace test of Task III, listed in Teble II, were loaded
with 1ithium fluoride in the above dry box under argon cover gas of 99.998%

purity. After loading the top end cap was welded to the capsules and the capsules

20
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sealed in enother drybox with the same type of cover gas. Each of the test
capsules vere enclosed in a 316 stainless steel container which acts as a shield
to protect the test capsules from external fluoride attack when another cepsule
falls, The new test capsules with their stainless steel shields and the nine
capsules from the furnace test of Task II were mounted in the conventional
Hesttelloy X test container, the container sealed and inserted in the furnace.
The test was started on 4 September 1964 and is schédnled a8 & 5000 hour test.
As of midnight on 30 September, 634 hours of testing time had elapsed. The
average heating time was 1.5 hours per cycle, and the average cooling time was

0.52 hour per cycle.

The four alloys initially inserted in the furnace test of Task II have a combined
testing time of 5295 hours. The two alloys inserted at the end of 672 hours

have a combined testing time of 4623 hours.

The second furnace test of Task IIT was scheduled to start on or sbout 1 Septenmber.
The lack of purified lithium fluoride delayed the start of this furnace test also.
The capsules to be tested were prepared according to the contract specifications,
but formal direction to change the type of cepsules was received on 22 September.
At the time of receipt of the change, it was estimated that the second test would
start late in September. As a result of the change, it is now estimated that

the second furnace test will start in mid<November. The status and revised

capsule lineup for test number 2of Task III is listed in Table IV.

6.3 Amendment No. b Progress

The obJjective of the work effort specified in Amendment 4 is to provide additional
date on the Heat input and heat releaag characteristics of lithium fluoride. Five

additional modules are to be constructed and tested. Also, two dummy modules are

a1
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defined whose purpose is to permit a test demonstration of controlled freezing
petterns prior to testing the last two modules. The modules requ:lred are listed

in Table V.. aL.ow.
The materiel for construetion of all modules is Haynes Alloy 25.

The project schedule for the Amendment 4 work is presented in Figure 9. Prior
to the start of febrication, a formal test plan for modules A, B and C wvas pre-
pared and submitted to NASA for epproval. Approval was gra.nted subject to the
addition of two thermocouples near the edges of the top ‘and bottom plates. The
purpose of the additional thermocouples is to get 2 betfer idea of the thermal
gradients in the top and bottom plates. Figure 10 is a photogreph of module A
Just prior to joining it to the fluoride loading hopper. The added thermocouple

wvells on the top and bottom plates required by NASA can be observed.

Figure 11 is a photograph of the test assembly prior to the installation of the
Min-K insulation. The module and loading hopper, the module heater reflector,
the hopper heater reflector, the hopper £ill port (the larger flange) and the
nopper view port can be readily identified. Other parts in the photograph
include the hopper-module support freme, the main outer support frame (with the
Marinite sheets attached) and the rotating fixture. Another view of the test
assembly after most of the high temperature 1nsulatioﬁ was installed is showmn
in Figure 12. Figure 13 shows the test assembly rotated on its side in the

position for the initial melting and subsequent transfer of the lithium fluoride.

The top plates of modules B and C are presented in Figure 14 after the nickel
fins were brazed the first time. Close examination of the brazed joints

revealed that the braze material did not flow campletely under all of the fing

2k
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to give acceptable fillets on both sides. Consequently, a second brazing opera-
tion was performed and the completed plates were examined and approved by the
NASA Project Manager. These plates have been assembled into the two modules

and as of 30 September both module B and module C are complete in the same condi-

tion as module A was for Figure 10.

Seversal last minute fabricetion difficulties caused a schedule slippage of one
week. Rig installation and shekedown problems caused & further slippage of one

week, making a total slippage of two weeks in the schedule.

The testing of module A was initisted on 10 September end is complete as of
30 September. Data reduction is in process and the module will not be removed

from the test rig until the test results are available and can be verified as

valid.

One of many rig problems which were encountered during the test program was an
air leak into the system. It was known that the vacuum on the system was
becoming less effective as the test continued. Finally, all attempts to operate
under a vacuum were ebandoned in one series of tests, and argon cover gas was
introduced. The test was later stopped, the bulk insulstion removed and the
system sniffed for lesks when argon gas was in the system. One of the bolts on
the 111 port flange was loose and a leak was detected at the ring joint. A
considersble amount of scale was cbserved in the hopper and on the thermocouple
wells attached to the fill port flange. Figure 15 18 & closeup view of the fill
vort end flanges and illustrates the type of scale encountered. Examinstion of
the fluoride transfer tube indicated scale or foreign matter adhering to the

sldes of the transfer tube.
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6.4 Task IV Progress

The Task IV work effort consists of three parts:
1. Two percent allowable gas pressure drop full scale cavity
receiver design.
2. Aperture control enslysis.

3- Cavity tempersture distribution.

Each of these parts will be discussed in order. The project schedule for

Task IV is shown in Figure 16.

6.4.1 Two Percent Pressure Drop Design

During the first portion of the design study, i1t was shown that a full scale
receiver design with a two percent allowsble gas pressure drop was potentially
possible. The weight penalty as indicated by Figure 16 of the third quarterly
progress report, ER-5905, was relatively mild., On this basis, NASA directed that

a design should be made for this condition.

The first choice for an optimized design was & heater feasbturing a mean geas

Reynolds number of 5500. The number of tubes corresponding to this Reynclds
number was 70 with a tube inner diasmeter of 0-693 in. and a tube length of

69:5 in. These dimensions permitted a storage bath with a 4.5 ft dismeter

cavity. As a result, the maximum receiver diameter, which determines the amount of

collector shadowing, was less than 5 ft.

A potentially dangerous problem srea was uncovered in this design, however.
In the final version of the four percent design and in this initial version of
the two percent design, curved tubes sre employed to permit use of maximum

length tubes for a given cavity diameter. Although the degree of curvature is

27
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slight over most of the tube length, higher degrees of curvature are required
at the inlet and outlet headers. It has been ascertained from the literature
that the effect of the curvature is to increase the range of Reynolds numbers
in which laminar and/or traneitional flow can occur. Thus, the transitional
Reynolds number from leminar to turbulent flow is increased. The potential
problem area arises because the two percent design tends to cbtain optimum
geometries at a lower ges Reynolds number than the four percent design. The two
Percent design optimum ges Reynolds number gppeers to be very close to the
transitional Reynolds mumber, a highly undesirable situation.

The seriousness of this situation is illustrated in Pigure 17. The transitional
Reynolds mmber defined as RECRIT is a function of the ratio of the flow passage

radius to the radius of curvature. The line shown is a plot of the equation of

.Reference 1, and the date #re teken from References 2 and 3. Reference 1 indi-

cates that for a Reynolds mmber off5500 the critical transitional radius ratio
is 0.0172. Thus, for the initial two percent design, any radius ratio ebove
0.0172 would indicate laminar flow. However, Reference L indicates the critical
transitional radius ratio is 0.0lk for a ges Reynolds mumber of 5500. Since the
initial two percent design indicated an actual redius ratio of 0.013, the gas
flow might be Just barely turbulent.

To assess the magnitude of the problem, if the initial design were opersting in
laminar flow, it wes assumed that the heater was operating in the laminar regime
and the resulting heat trensfer and pressure drop dsiculated. As expected the
pressure drop decreased from the design value to ebout one~-third of the design
value, and the outlet gas temperature dropped fram 1950°R to 1716°R. These values

correspond to gas temperature increases within the receiver of 504°R and 270°R.
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It 1s readily apparent that such a situation could not be tolerated.

Therefore, a second design was initiated. The Reynolds number was increased to
a mean Value of 8100. The mumber of tubes corresponding to this Reynolds:
nunber wvas 30 with a tu‘be inner diemeter of 1.050 inches and a tube length of
113 inches. The basic configuration for both designs was presented as Figure 12
of ER-5905 and is repeated herein as Figure 18.

List of References

Ref. 1 - H. Itd, Friction Fectors for Turbulent Flov in Curved Pipes,

Journel of Basic Engineering, June 1959.. ASME Paper No. 58-8A-1k4.

Ref. 2 -~ Data of Teylor as found in McAdems, Heat Trensmission,

McGrew-Hill Book Compeny, Third Edition, 1954, page 151.

Ref, 3 - Data of White as found in McAdams, Heat Transmission,

McGrew-Hill Book Company, Third Edition, 1954, pege 151.

Ref. U Formila of Drew as found in McAdams , Heat Transmission,

‘McGraw-Hill Book Compeny, Third Edition, 1954, page 151.

6.4.2 Aperture Control Analysis

During this querter, the temperature and aperture control mechenisms were
redesigned to obtain more relisbility by using simple linkages and by reducing
mechanical frictional pivots and contacts to an ebsolute minimum. The revised
system 18 shown in Figure 19.

Cavity surface temperature is controlled by four louvers which when open allow

_reradiation to space. The louvers are actuated by temperature sensitive bulbs

located on the cavity surface of the receiver. As the temperature of the

sensors increases, the pressure of the liquid metal fluid in the bulbs inereases
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and displaces a pair of bellows on each end of the louvers. Either pair of
these bellows can actuate the louvers. The louvers rotaste on flexural pivots,

thereby eliminating the high temperature bearing lubrication problem.

The aperture cover is actuated in the same manner as the temperature control

system.

The mechanicel elements for these mechanisms were optimized to ¢btain the best
mechanical arrangement and to satisfy thé high temperature and low vacuum
environments required. Detailed design was started on matching spring rates of
the springs, bellows, pivots and differentisl pressure characteristics of the
liquid metal bulb actuators. Stress analysis of critical sections is being
conducted to insure the required strength and cycle life. Material selection
will be based on the results of the stress analysis and materisl compatibility

with the working fluid-

6.4.3 Cavity Performance Analysis

The genersl objective of this portion of the work effort is to determine the
performance of the cavity as a receiver and aid in obtaining optimum performance.
In addition, the resulting temperature distributions of the inner cavity wall,
of the lithium fluoride stc-c: rath and of the gas working fluid are to be
evaluated as a function of time in the orbital period and collector orientation

to the sun.

The efforts to date have been directed to a review of existing cavity analyses
and computerized programs to determine the extent of usefulness and adaptebility
to the present program objectives. To meet these objectives requires the

integration of the heat transfer m~de through the thermal heat storage materisl
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in the receiver cavity analysis. In this manner, the ﬂﬁx and temperature of
discrete eleménts of area on the receiver cavity surface are ‘detefmﬁ,yned by an
overall energy balance involving all modes of enef@ exchange from the surface.
Thus, this asnalysis i:/ibinited to assignment of an a.uumed surface temperature

distribution.

Anelytical investigation of the heat transfer characteristics of the lithium
fluoridé storage medium was initiated and completed for the freezing of the
medium during the shade portion of the orbit. The method employed was developed
on the Sunflower program and consists of an electric analog in which the physical
model was reproduced on "Teledeltos" electricel conducting paper. A voltage
potentisl is applied between the source and sink,and lines of c‘onatant potential,
corresponding to isotherms, can be identified. With knowledge of location of an
isotherm relative to the melt line, the position of the melt line at some WI
time can.be determined because it can be shown that the distance which the melt
line moves is inversely proportional to the local distance from the melt line

to the isotherm.

Several melt line positions were determined as illustrated in Figures 20 and 21.
At each melt line position, the electrical resistance from the melt line to the
tube wall and the amount of lithium fluoride frozen were measured. The electrical
resistance can be readily converted to a geometrical resistance factor. The

results are shown in Figiure 22.

The final freeze pattern and lithium fluoride volume distribution of solid and
ligquid provide the starting point for the electric analog simmlation of heat
addition through the inner shell, corresponding to the sun portion of the orbit.

This will be initiated in the next reporting period and combined with receiver
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characteristics to define the ratio of heat imput to heat abstraction through
the tube &8s a function of time and position in orbit., In this phese a major
problem will be defining the volume distribution of liquid lithium fluoride

a8 the melt progresses because of the large difference in density between the

ligquid and solid phases.

The existing computer programstreating the intermal distribution of solar flux
have been reviewed and chasnges required to meet the present program objectives
identified. The present program treats an axially symmetric concave chamber
vhose internal wall temperatures and surface properties are given. i‘he program
assumes the rediastion in the cavity may be separated into a solar a;nd thermal
ccmponent, and for each component, ebsorption and emission are Lambertian. The
radiogity of each zone and the net flux into each zone are obtgined for the solar
and thermal components and for the total radiation. The changes to the program
required essentially entail ineluding the heat transfer from finite surface
areas through the lithium fluoride heat storage medium and the calculation of
surface temperatures based upon the net heat exchange. For the misorientation
ceses, a more extensive modification will be required due basically to the
unsymmetrical solar flux distribution on the cavity surface. The current program
provides for the calculation of net exchange factors between symmetrical zones

of latitude relative to the optical axis. The case of unsymmetrical flux distri-
bution will require, in addition, identification of zones of longitude and

calculation of the net exchange factors between all zones.
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7.0 CURRENT PROBLEM AREAS

The current problem areas are schedule slippages in two tasks:

1. Task II - The test in furnace number 2 will be delayed six weeks
because of the requirement to test three additionel Waspelloy

capsules.

2. Amendment 4 - The testing of module A was completed about two weeks
behind schedule. It is hoped that a gradual return to schedule can

be achieved.
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8.0 PLANNED DIRECTION OF EFFORT FOR THE NEXT QUARTER

During the next quarter, the effort will be directed toward the following:

Continued examination of the failures encountered in Task II.

Continuation of furnace test no. 1 in Task III.

Initiation of furnace test no. 2 in Task III.

Continuation of the small scale experiments under Amendment L4,

Completion of the two percent gas pressure drop cavity receiver

design layout under Task IV.

Continuation of the cavity temperature distribution calculations

under Task IV.

Completion of the aperture control design analysis under Task IV.

3k
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Photomicrographs of the Specimens Removed from
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Haynes Alloy No. 25 Capsule No. 16.
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BOTTOM OF CAPSULE

Photomicrographs of Specimens Removed from
TD Nickel Capsule No. 19.
Etchant: 10% Ammonium Persulfate
10% Potassium Cyanide
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RDM A671 250 X

Etchant: None

Etchant: Electrolytic
10% Oxalic Acid

Photomicrographs of the Specimen Removed from

the Bottom of Hastelloy X Capsule No. 2L. FIGURE 5
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RDM AL27 250 X

Etchant: Electrolytic
10% Oxalic

Photomicrographs of the Specimen Removed from

the Bottom of Haynes Alloy No. 56 Capsule 25. FIGURE 6
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RDM A677 250 X

Etchant: None

RDM AL29 250 X

Etchant: Electrolytic
10% Oxalic Acid

Photomicrographs of the Specimen Removed from
the Bottom of Hastelloy N Capsule No. 30.
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RDM A676 250 X

Etchant: None

RDM Al25 250 X

Etchant: Refractory Metals' Etch

Photomicrographs of the Specimen Removed from

the Top of Waspaloy Capsule No. 28,
FIGURE 8
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VIEW OF TEST ASSEMBLY
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FIGURE 11
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VIEW OF TEST ASSEMBLY WITH HIGH TEMPERATURE
INSULATION INSTALLED

FIGURE 12
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CLOSEUP VIEW OF SCALED PARTS AFTER
AIR LEAK INTO SYSTEM
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